The toll station, served as the bond to highways, has always been the bottleneck to the capacity of the highway. Based on probability distributions and queuing theory, the thesis builds the quantitative model of capacity and calculates two evaluation indicators to analyze the drawbacks of the traditional toll station.
Introduction
The toll station, served as the bond to highways, has always been the bottleneck to the capacity of the highway. As for traditional toll stations, consider a toll highway with L lanes of travel in each direction and a barrier toll containing n tollbooths in each direction. This thesis builds models to settle problems of modeling and making quantifications of traditional toll plaza.
The Probability Distribution Model
The Distribution of the Vehicle Arrival. When the traffic is light, the vehicles are free to overtake and the headway changes frequently in a large scale. When the traffic is heavy, vehicles are constrained by other vehicles with diminished opportunities of overtaking. The vehicles begin to queue and the headway tends to be stable. Hence, the distribution of the vehicle arrival at the toll station is basically the same as that of the headway on the expressway.
The headway approximately obeys the Poisson distribution:
(1) The Distribution of the Service Time. Service time is the time from when the vehicle enters the tollbooth until it leaves the toll booth. It obeys certain law of distribution.
The Quantification of Evaluation Indexes. The service level of the toll station determines the waiting time of the vehicle, which has a direct impact on its capacity. The thesis uses the average length of single queue ( L ), average number of vehicles in a tollbooth( N ),the average waiting time of the vehicle(ω )to evaluate the service level at toll stations. The specific calculation method is as follows [1] :
The Queuing Theory.
In the absence of any constraints, when the vehicle arrives at the toll plaza, the driver chooses a certain toll gate to enter. The basis of choice may be the closer distance, less vehicles at the toll gate, the tendency for the central gate, etc. Based on these factors, the article gives an entry probability for each toll gate, which means that different toll gates have different priorities for random selection. Hence, calculate the formula (3),(4),(5) and get the indicators for the k-th toll lane:
1. Average number of vehicles in the k-th lane
Only one car is charged while other vehicles are waiting in the queue. So the average queue length of the lane is:
The Judgments of the Two Important Precautions Accident Prevention.
The thesis uses the accident data and road design of Baqiao and Lintong toll stations in Xi'an [2] . Then carry out a regression analysis of the road design parameters and the number of accidents and get the regression equation of road design parameter and number of annual accidents to predict the number of accidents of different toll stations in different road design parameters.
The regression equation is obtained by regression calculation from the sample data: x is the gradient rate of the toll plaza; 2 x is the service level of the toll plaza; 3
x is the longitudinal slope at the entrance of the toll plaza.
Throughput.
On the basis of the previous analysis we know that when the vehicles don't line up at the toll station, all the vehicles that arrive can pass through the toll station quickly, and the throughput depends on the arrival of the vehicles. That is: Hence, due to the different methods of collection and the different degrees of automation, different toll stations have different service time. 
Actual Calculation and Analysis
The calculation of the road capacity. Take Xi'an Lintong toll stations for an example. It is human-staffed and the traffic volume of three traffic lanes is 655pcu/h，626pcu/h and 602pcu/h. Given that drivers choose the lane independently, each toll gate has an entry probability. Search data, and get the entry probabilities of eight toll gates. From the table above, the driver tends to drive without lane change, so the number of vehicles passing through each toll gate has a normal distribution. Therefore, for each of the three entry lanes, there is a difference in the traffic distribution.
Under the premise that the traffic flow of each traffic lane is known, the traffic volume of each toll lane can be obtained. As is shown, the congestion degree of the 1 st toll gate is the largest, while the congestion degree of other gates is relatively small. Through Table 1 , we can see the average service time for human-staffed tollbooths is 8 seconds. Use the equation 13 and get the average departure rate of the lane. 0.125 450/3600 = = µ Use the equation 6,9 to get the values of indicators for service level for each toll lane: Advances in Engineering Research, volume 118 The analysis of the three important precautions a. Accident prevention The range of the gradient rate of the toll plaza(x 1 ) is (1/10,1/7). The longitudinal slope at the entrance of the toll plaza is within the design range or fluctuating from 1% to 2%. The range of the service level of the toll plaza(x 2 ) is (0.7,0.9).
Therefore, as for the traditional toll stations, the best way to prevent accidents is increasing the service level as well as reducing the waiting time.
b. The throughput The station the thesis discusses is human-staffed. So when the vehicles line up, the throughput of the toll lane depends on the mathematical expectation of service time. When the vehicles don't line up, the throughput of the toll lane equals the vehicle arrivals. Classify the 8 toll gates of the toll station and get the total throughput of the toll station. 
Conclusions
By the analysis above, we know that in traditional toll plazas, different gate has different entry probability, which will lead to the lack of capacity. At the same time, it is also bad for accident preventions as well as throughput.
